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1 

7., 

[ffll^JB 2 ] affi/t— fe > h T, i!>7S < feiKjO. 014 
9SOC02 O3 . tt)*>J0.1 %<DA U O3 , * 

^■a-. CaOiS rOtBaOi:K2 Ottf^lbU^mi:. 

T> *\I0.014 -0.24%roCo2 O3 , mo.l -0.3 %0 
AI2 O3 . CaOtS rOiBaOiKz OtA^i^tj. 

[tt^:^5] ImmrojPSWttlC, 450 nmTil>;^ 
<i:%68%T*D, 580 nmT50%±i3/h$<, 650 n 

1 mmom'y U iJt^^yT., 
CWj^ae] *?j50-85%®^«5^iia^ (Yc) 

C. I. E. fflfei'7 7lC*3ViT, (x, 
y) -CTnLTct^lZ. (0.2700. 0.2640) (0.30 

50. 0.3100) t^i^sm^r)y&^i^mi)^±iz$>i,j^^ 

fS. X id^Uy&mm^^t^ Z. t Slfmif 1 

A, /N'UOAi3j;t;:^'J'>A;>5^e;ft5PJ;i9ig^$n-5 

ffi. lmm<0j9$(0t^C. 450 nmT'>;^< t fe68% 
T$.D. 580 nmT50%iO/h$<. 650 nmT55%J; 

[w*^8] *<j5o-85%cDiisg3a^ (Yc) $^r-r 

fe>hT. *<J0.014 -0.24%<73Co2 O3 . 
*<}0.1 -0.3 %COA 1 2 O3 . C aOtS r OiB aO 

0.4 -1%, *5j:(yti!>;^t< tt>959g©v'U*$^5fr-r^> 



(2) #P¥^8 - 2 5 9 2 5 6 

2 

{m^miO) 1.0 -1.5 mmWfiJP^Wr^'Sr^f* 

(i) ^7Ltt©ili>''J;^^*;tf7:^4, K-ft3A-;Uh. 
KjbJJUSri-^A. *3ilfle^b*;l'>"t'Ai:K^t:XhD 

(ii) fe#aLfc^?Lttroi^vU;'3-&W;y^X^gi<|:0 

[«^j«i2] mmmmm.imwim.»mmK ^ 

nf:< <i:t)*50.01M©C o (NO3 ) 3 . '>ti< fhm^. 
1 M©A 1 (NO3 ) 3 . iJckCN'Ca (NO3 ) 2 
Sr (NO3 ) 2 Ba (NO3 ) 2 KNOs i 

[w*« 1 3 ] Wimmmm\mwimwf)^. i ^ 

;K0WKnA*;i/N{cML/T. iKiO.8 -10^;KOWK7>/U 

5:n':7A*3i:Of*)l/v'>AiA'J •^'AiX hn>5'>5'A 
'J -i^AtWfliKmw^H-**) 1 -2o-t;v^M«-r^^ 

ifa«®m 
30 m, 

y7.timit^w^\'prmsfi)izmm^n^z.t>s:nmt-r 
^m^m 1 1 fe«©:^s. 

[0001] 

5 H - b; > i/S n;t 'J y X icWf -5 feWT? 

40 [0 0 0 2] 

mi^ (coDsolidated) $n, ^^)^^PJ&i$^iT. iJ>75:<t 
t)^94%<o->U;'j<&^^-r-5;y7X-C$)i). c:coj:5;^c 
;y7Xii, ^<fil/jX96%->uyj;y7Xtt>ii?lin. iSSST 

(Dmt^z^tfi•ri>mfl\z^\'^x\imwi'>'):f]\zmx^^ 

•2., ^<®fflj*ic|jgtT, iS->U;'j^*f;yvX*i*?)7- 

i4xio-'/t:©»?s^ii (CTE) ^^t^t^^vm 
m\zm'L'f)^m-&6nx^>^, co^mz^K), is->'j;t? 
'^^ijy7.i)mmmzM-ri>msit:mr^i. o \zis.^. 

50 [0 0 0 3] z.<r>i^'ils.1iy7.<DWmt. ikmzmt<^ 
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(3) 

3 

ffm2,215,039 ^*3<klX|^M2,286.275 n {y-yVm 

[0 0 0 4] feJi/^T. ^?L14i^>-'J;t;-g-#;y^X$. S 

7.(Dmm^. *H4*ffB2, 303, 756 ^, |p|m2, 340, 013 
^*<fcyf|5im2,355,746 ^ (/-HA*-i^^) 

■r^zt\ziDmnrznmi)i$,^o 20 
[0 0 0 5] ztiioxmom^oimmzm^r^n-^ 

fe. ^J;%.«, ^B^Wms, 188. 217 ^ (X)V7-^) T 

V U ;ti-g-W;y7XlciP^«i ^ t (c OJ^fflfiwfiffi 
IE7^;i'^'*SiaLT430. *S!t#ttmi88.21 

8 n (x;i/V-^) Tit, ^i^Utl^^-^lyT.'PiZCo 

2 O3 . P2 Os *3itf7;i/;^;U^JSiE'ft:#i®ffi^-&$ 
[0 0 0 6] *SiNffF^3. 258, 631 J: r/R^3. 399, 50 

^i4a#fFm4,073,579 n {^.^-i/m r\t. m.^ 

[0 0 0 7] ±a!Ufc«feffl-^ttCD^<(7)«fiSiJ*fflV> 

3ti« rs5e;y5.xj (1959) icli. <i«;:ti7DA, 
i:75^BB«^nTl.>-5. ;i©:Sti«roj3?XII 1?tCDl68 -196 
[0 0 0 81 Sifi. gll»©i1-SKra©itli)lcSAB© 



i^5l¥8-2 5 9 2 5 6 

4 

[0 0 0 9] ^©gaic*fj!i-rs©ic. ^^?LttiSiv-'j* 

7 X ffl © h' - t L- T n A-;P h Srffiffl f s r t 

•SBRC. :^7X©1'**i3^e^Wfi(C!&ofc. 
[0 0 10] 

[^BJ3;5^)5?ftb<t^if-5Kli] L7t;^^'oT, *^il© 
ttfi©^ 7 X ©fgJStt SSSfc-TiS -> 'J * 7 X ^ a 
:y 7 lCBifM©e&Me$-&S5S;'5^;^*SSS«-r •£ r 

[0 0 11] 

MSTi'eJc^ $ nfc»fe«rM-r ^is; -> u 7 X ^ ffi 

K{bnA*;VH*3<i:D:a&-5ffio^«©ft^ti, * 

A, A*U'>'i^*5<tr>'/Sfctix hu>5^'t7A©^s»iip 
L.fc^JLttiftv'U DM»7i#fi^M 

3A';i'h^t;^«©*S;^Jnibfc^?Ltti«->'J*^* 

;y 7 X i 0 ;^i:3ji#ff & s t o fc. 

eiCcfc D. ^»©ttfi7!i**>ofc^e©Affl^^nAVW h*^ 

[0 0 12] ^^mt^fz. ^'yUtlt^^yXiOm 

ti). Z.<Dy ^ }Vi^\t. Il©«:g (580 mm) 

©iSS (650 mm) <t 0=^450 mmlC*tiT3^S: <fc t)^ 

[0 0 13] f^'^<Dmmm\z^^^x. y^)v^\t, i.o 

-1.5 mm©!!;?^^^^. ^jD^JttT. nA';i^ht. 
TJPSX'^Ai:. ;^;1.->'::7A. ;^iJ'i7A. A'U':7A4oJ; 
DC/Sfe«X hD>^'i7A*>?)?i-5)fffJ;f3SiR$nS'> 
/j:< tfc 1 a«©<l!J©^Ki:©K^t;«S^'g-r5ieiv"J 

[0 0 14] *^H;5(i$e.lc, i?fe©ies->U;^;^^;y7 
x^Siif -5:^?)iT*oT, ^?H4iSiv"J;^^^:^f7X 
«^JoSiJK^biaft"lffi«:©^j8ilC^S$ii-. -&ai^?Ltt;</ 
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5 

M©«KlIA';i/ht. 0.1 U(Dmik7)VS.-'^ht. c 

a. K. B&is^xss xt^<z>-fi^m^^m^-&n^^^ 
coo. 2 M(DmmMt\z^m-r^itmo±mmmmo^o 

[0 0 15] ^%mi,zi:^t. :i>u<th3mm(D\i- 

tt;^ -> 'J ;^ 5 X ICMBJ:^J -frS © icffl 

i D m^ti^'>U < T, Sia^^J;^^ Li :^ 7 X mi 5. n 

[0 0 16] =l/VVhiS^Z^T)VS.~^At 
tfcfC, 1 aS£;±CDiiJp»^ H-:/?riJ (co-dopants) 

ii^z.t\z^r);i(Dmm^m^vrc, z-tiso^i^--/ 

[0 0 17] *f!§g{cJ;5^S{cabfc^?LttS5->'J:^; 

mnmz^^A^u^m^mf}^^±!S.-^tirc 

'fe©Tt)J;Vi;5^\ »SL<«, ^RS^Sf ?g2, 303, 756 

\zmm-^nrz:^miz^y)mm-^ntz%a:)r$>i>, 
[0 0 18] 'A\z. z.omm&'&^^mmiz^omm 

[0 0 19] ^sta, «esij<Dit:-a-ti®v''*^;^j:.5)i^;i 
em. Mi^^y7.\zm^b^^-&0u^jv^m^t^^o 

(0 0 2 0) ^Slc«!iV^T. iJyT.mmt^'&^i^-^^, 



(4) #M¥8- 2 5 9 2 5 6 

^MmvT^&m<Dm^mitmzmit^'^, Hyxnm 
^m)&t:'M<z.t\z^y)iiy7.^mmt^, -iswic. 
:^ y7s(Dm'^mmm u e t ^(oae?fij<oK^kttffi 

[0 0 2 1 ] 

um\zmnt^. 

[0 0 2 2] iSfi»tL.l'>*^BflO||JS^JiCj;^»fiO 

[0 0 2 3] SiRL-fcJ&feSiJ© 

ti. ±KELfc*B^^B^m2,215.039 -^43^0:1^^2,286. 
275 ^lC<fcOSiiibit^?H496%->U*;y7X^^^#^ 
L/fc. ^-irOK^Bftt. 2.5 mmX2.5 mm©IE:;&}^T$i 

T. ^*H^6f4*5lB#M!CSD2Sm*T650 ■CtTJjDlS} 

a? [0 0 2 4] 5^K3A*;uh, ««i?7;i^5r.'t7A. *<kr; 
i5^}-£i±irgoiS[aufc. :L<Dmmi. ^rjuiSST. *«j 

0.17MOCO (NOs ) 3 . iSi<j0.13MOA I (NO3 ) 
3 . *it;il50.25M<Z)Ca (NOs ) 2 0*H-7^J« 

[0 0 2 5] Z.Oi^mz^^'^moittblziJyT.WM.n 

^m^i'fz.. %^\z^m^'&xiiyxw^f>-^^±x<Dm 
^mm-^w^\.tcmz. z.(Dii^xw.mA^2m^\zs. 

5i7 [0 0 2 6] SJS^, -g-SLfctJ^SfSCl NCDHNO3 

r>t/fSijn> (reboil) S^U^S 

[0 0 2 7] ^t^i^l^co;^7X&l£iggSifj^r;O^BI« 

/io/t. l£J!6S-B:;tKipf*S*0fCiKJl00 t:/l^ra®as 

T850 rSTJnlSb. 850 'CTmPfltaD^Jtb- $ 
^0 e>tC100 'C/^r^CO3iffiT1000'CSTjDf5L, lOOO'CT 

mmzs.y)unhtz. z.(Dmm\z^K), mum^ 

<7)ISlsf€:$ 6.ICIOO 'C/ll#Pplro:^gT1200t;STSDii 
1200"CT30^->Rf]lClO{SJ^t, «ffl?lll*SOIS&5S 

[0 0 2 8] ±.m.o^^\z^^mi'tzUM(n%mz^y), 

iiyXiimWs.n^tts.-otznmn^^, ttKtcfMjL. 
T. WWtt, 580 nm (|^«i) feiO^eSO nm (#) CO 
50 M;?OifiS-C<05t33fl$*tJt|4etj/h$<75o450 nm 
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7 

[0 0 2 9] 'Jk\z. imm(r>w^<nQ. i. e. ^mm. 

^*je)-5i5W;5:fij»Iit$ff;iofc. A. C. A-x^-- 
iriO THandbook of Colorimetry j (T-t)-?a— fe-y 
•y>yj-;/v> Technology Press. (1936)) tc# 

lasnfcc. I. E. HfijaHfeSfij^icio, i'oe 

(0 0 3 0] lliSfisjO:y7XKS©fiiSSx-^$0H 
IC^T, C. I.E. e^W(7)#-5SS^l|?(C 

7II*t»T rij t*i2bTVi-5) ©x*3j;t5y05^- 
[0 0 3 1] C<7)i^7 7lr*5ViT. xfi;ffiSfl|$xtt it? 

« 1 -aa 



i|$W¥8-2 5 9 2 5 6 

n, 0.2756:te<t(y:0.2750-C&O, ^S5SiSJ?ll Y c *t5 
3.7%T*ofc, i^TCOffltt. C. I.E. SiPJtiSC 

[0 0 3 2] TIEO^Ifcimia. iSeLfc^SSM* 
[0 0 3 3] SHte«JLfcK^6tO±T«. ±«EL'fcSIJfS 

KffiCD«H-y^?fiJSr^Je)3i#?Lfcaa-C^tf0.1 N(DH 
NO3 <D%^zi>V\'VimWL^f^^-^xms.r>tz., 

[0 0 3 4] 
[«1] 



a>»S^ Co(NO,)s Al(N00i Ca(NO,); B»(NO,): Sr<NO,)i KNO; 



1 


D. n M 


0.13 M 


0.25 M 


2 


0.1T M 


D.13 M 


0.5 M 


3 


0. IT M 


0.27 M 


O.ZS M 


4 


0. IT M 


0,27 M 


O.S M 


5 


0.17 M 


0. 13 M 




6 


0.17 M 


0.13 M 




7 


0.17 M 


0.13 M 




8 


0. 085 M 


0.065 M 


0. 13 M 


9 


0.034 M 


0.026 M 


O.05 M 


10 


0.17 M 


0.13 M 


0.25 M 


It 


O.085 M 


0.13 M 


0.25 M 


12 


0.034 M 


0. 13'M 


0.25 M 



Co(NOi)> AlCNOO, CaCNOOl B a (N O 1)1 S r (N 0 Q 3 KNOi 



13 
14 

15 
15 
17 
18 

19 
20 



0.1T M 
O.IT M 
0.17 M 
0. IT M 
0.17 M 
0. 17 M 
0. 17 M 
0. 17 M 



0.25 M 
0.5 M 



0.13 M 
0.27 M 



[0 0 3 5] ±gB^ I \z$mLrzmmum(Dm&^M^ 

&mmxioxzsy^mzmmm'^mmY cizmt^ 
c. I.E. mm^y'-^m^m^tix^^^. ±xcf>y' 

-^\t%m.O^Wi^^X 1 mmJ^(OUM\Z':>^^xm'^Ltz 
h(DX&^. ^Tz. m9ibrzUmzz>\,^X\t. VarianCA 



50 



0.25 M 

0.25 M 

0.25 M 

RY 210 ^^ail^ieSStCck DSESbfc. 450 nm 

(m . 580 nm (MW . 43c^r/650 nm (m cOiS 

Axo^/^—tyhmj^m (%t) rnxmbtzmmmy'- 
^hmm^nx\^^^o 

[0 0 3 6] 
[^2] 
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(6) 1$5B¥8-2 5 9 2 5 6 

10 





X 


y 


Yc 


XT 

450nD 


XT 
580iiD 


XT 

6S0nm 


1 


0.2756 


0.275 


53.7 


76.7 


45.4 


51.9 


2 


0.2753 


0.276 


51. I 


71 


40.5 


43.8 


3 


0.275 


0.2738 


52.5 


74.8 


42.1 


43. 7 


4 


0.2721 


0. 2723 


52.7 


75.9 


41.5 


44.8 


5 


0.2801 


0. 2773 


53.8 


73.7 


42.8 


53.4 


6 


0.2717 


0.2725 


52.2 


75.7 


42,4 


45 


7 


0. 2769 


0. 2773 


53.1 


73.9 


43.6 


4S.6 


€ 


0. 2938 


0.2953 


69.7 








9 


0. 3046 


0.3071 


82 








10 


0.2737 


0.2729 


51.4 








11 


0.2934 


0. 2977 


71.4 








12 


0. 3038 


0.3096 


83.4 











X 


y 


Y. 


XT 


XT 


XT 










450nn 


580ni!i 


650nn 


13 


0.273 


0. 2615 


42.9 


53.1 


49.8 


78.5 


14 


0. 285 


0. 2881 


40,9 


53.2 


34.4 


40 


15 


0. 2885 


0. 2931 


38 


44.3 


30.1 


34,2 


16 


0. 2833 


0.2723 


54.1 


76.5 


44.5 


64 


17 


0. 2812 


0. 267 


51 


75.4 


42.2 


63 


15 


0.285 


0. 2869 


52.7 


66.4 


43.1 


49.5 


19 


0.2822 


0.2873 


39.2 


48.2 


30.4 


33.2 


20 


0. 2945 


0.3011 


48.3 


53.5 


40.2 


44.8 



[0 0 3 7] «II(CgS«L-fc^^a:^^:W;y7XCD±75:# feSfc««Efi^*iett^5<fc0t)tJL^.±C#felC|S^-r 

mt. iH«LfclS!|sHc*3t5T, » (450 nm) 5 x*3J:t;:y fiffi^ GtMC^Tn) ?£*f -S^fTT* 
fi^\t^m±^<. m (580 nm) (650 nm) SlgtciSt, jg^OJftWfiODMffitt, iJyX<Oy^ 

®Sjii^*^j±i!iW/jN^vi;ii:ic<t(3. nmz'^f)^^, - mmmt^c. i. e. m&ifyyo y) t^lt 

iSWlC. *^H^©iffeiiS->'J;'J^^r;y7X}i. ImmO (0.2700, 0.2640) ^^ZS (0.3050. 0.3100) '^m^ 
^■f^f]^. 580 nmTti50%d;O/h$<. 650 nmTIS 

10 0 3 8] smmf^mmmz^0mm!^mzw\z!ff^ 40 M'^y'-^^i/yyiz'fayhvx^^^.ifyyo^p 

uviwe:«f7xcDfe:fej:rxs3g*©.£>^^#tt, muz tt. mii3^mi(omn^mzi(ifS-Lx\>^^. sfc> g 

timLtcc. I. E. <Dm&^m\zmvTnmiz^m-c s^on^omi^^^t^^ (^ioitcs-s) tm<D^ 

^i^mi§mx\t, ^ji-muytof&i^sL o^)v^^)y^) ^\z^\^x. ^ose, 9^^^tc\mmz^?i^i^n\z 

\Zt-DX^tim-t^XL^^^. 50%J;Ofc/jN$Vi h^, 

Sjg^Ttt, ia«»JWlCfflV»S«*^e,CD5fcS;^<Mb [0 0 4 1] C:ne,O^IC^Lfcli^£f 1. 2, 3^3j;j)t 

[0 0 3 9] -^xz. iiy7.\t. c. I. E. esrflcoii 50 SWTS d t^^^stifc. ^inecD^^xttisii^ic. 
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11 

[0 0 4 2] Unii5^ZS4(D&mm^if'7y\Z7r:'t. 

LU^^lZh-f^^fj^hibt. ^S^ilHI-cDfe^^f -SCOT, ^ 

(D^m^^^^f)^^<^V\Z. Ctlib(D:^^7.\t. 650 nm 
[0 0 4 4] Unu. Ui^^m5\Z\t7)V^:zry2:,f)i^ 

':^tc<^t.nr^^m\ z.(D^o\z. tim4*3<i:m5tt 

[0 0 4 5] ^(D?iJjnc;)^ffi«^J(^. ffi(De^^D^^i^ 
^0\Z. S r *3i:U^B acOffi^ig^^ffl-r-SCi 

^jiitvmm Lrzi»^\zm<Dmi^mim{>ii^^ ct\z 
[0 0 4 6] ^n^(Df^m^07Jv^:=^^A^\^-':fm 

Kms. 19fc<J;r;20{C«> 7;i/^r:^A*H-ymS 
•::5fc<^SnTfe6'r. L'rc7i5oT> iim9*5ci;i[;20T 

5-7cD:y^Xl^, A 1 *5j:r/7JI/*'J^S/7JU4^U 
&^&m^i±^(D\Zt} U D h9mff^X$>^^v IZ 

v-'/mtLxmn't^oit. z.<Dsmz\mt/viim 

[0 0 4 7] ^^mmmmzt-DX. mizTRLtzmmu, 
n(D^ < (cffiffl btzo, i7^;i/j§iS(7) c o mmxit&^^-^si 

(Di.z>\Zs m\z]^-:fmm^^^f^^Lx. tuw^^^ 
^^zs7j[^^:=^'yL.mzs\zco<Dmm^i&M'^'ft^:zt 

m^tr^-Dtzo ifyy\z^Lrziin9\tR^mu^<Dx 



(7) it^M¥8- 2 5 9 2 5 6 

12 

$>^o Z.0m^cofziib\Z. C aiSckr/A 1 cDffig^@5^ 
M^i>*r^i:. i^^7(Oii3|sfil*3cfcm2IC^f J:5iC, g 

[0 0 4 8] \'-\^>^mm^<D$>:bmnm(Dms^<Dm 

mm<Dmm(Dn&^^c^<D\Zii!;^sx$>^. mmmom 
mbrzmm(D^ii^:^y7.{zmLx. zn^^cDm^m 

\i. mOlMcDCo (NO3 ) 3 . 0.1 MCOA 1 (NO 
10 3)3, *5±r/C a (NO3 ) 2 (h, S r (NO3 ) 2 
Ba (NOa ) 2 a:, KNO3 i*^ e^SSi OS 

;k .kojFSKao.s - 2^)v<Dmm7)i^^=^^i^. 

[0 0 4 9] ^^H^ICbfci^itoTMaT^^^inScDte 

{l>75:<a:fe*50.014 % (140 ppm) OCoz O3 , 0. 
1 %(DA I2 O3 . :^^ZSOA %C0, CaOtSrOt 

mx$>^. m^vrz'r^^m:^y7smzmm(Dn^miSi 

im&momm/^-'tyhx^^Lx. mo.ou -0.24 
%oco2 03 . 0.1 -0.3 %<DA\2 03 . ^^rso. 

4 -1%C0, C aOiS r O^B aOi:K2 Oi:j5^^)^C 
[0 0 5 0] 2:n6(7):^f^7.ff^corrA*;i/h. TJl^anO 

t\t. ^<<Dm^\z^Dmz»^L\^\ f^-\z. isi-u 

40 Lrzf}y7.\i^rz. i^^^<mmr^ti^)^A^<D^n 
^i^^<i:v^m0Simz^m^^±\:^m\^^^'pu^^r:> 

tz. ^^\Z. fj)V'y01xmt. X hD>^»>A^;^c^iA- 
[laMcOfSm^irUiH^] 

[isi] :^^momm\z^^ti^'ny7.ms\z^'^nt^ 
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